Recent years have witnessed interesting progress in unraveling the pathogenetic mechanisms leading to development of GO [3, 4] . Autoimmune reactions ongoing in the orbit of GO patients are probably (although not certainly) triggered by recognition of the TSH receptor (TSHR), ultimately responsible for hyperthyroidism due to Graves' disease, presented to autoreactive T-lymphocytes infiltrating the orbit by antigen-presenting cells, including B lymphocytes and macrophages [5] . TSHR is expressed on orbital fibroblasts and adipocytes after differentiation from preadipocytes [5] . Other cell surface antigens, i.e. the insulin-like growth factor-1 (IGF-1) receptor (IGF-1R), may also be involved in the initiation or maintenance of orbital autoimmunity [6] . IGF-1R is expressed on orbital fibroblasts, T lymphocytes, B lymphocytes, and fibrocytes [6] . Interaction and crosstalk of TSHR and IGF-1R (defined as 'partners in crime' [6] ) with each other and with signaling molecules are likely required for the full development of orbital autoimmunity [7] . The colocalization of TSHR and IGF1R may support the view that the two receptors form physical and functional complexes [8] . The abnormal expression of IGF-1R is not specific to GO, since it is observed in other autoimmune disorders, e.g. rheumatoid arthritis [6] . Accordingly, autoimmunity to the TSHR might trigger GO, but autoimmunity to IGF-1R might play a relevant role in maintaining ongoing reactions [9] .
After recognition of the autoantigen(s), a number of reactions occur leading to proliferation of orbital fibroblasts, differentiation of preadipocytes into adipocytes, production of autoantibodies, secretion of cytokines, infiltration of extraocular muscles, increased synthesis and secretion of glycosaminoglycans [3, 4] . The expansion of the fibroadipose tissue and the infiltration (with an increased volume) of extraocular muscles in a rigid anatomic site like the orbit make clinical manifestations of GO (exophthalmos, extraocular muscle dysfunction, congestion of periorbital soft tissues, possible compression of the optic nerve) easily understandable [10] .
In summary, although considerable progress has been made in unveiling the pathogenic basis of the orbital disease, much remains to be achieved. In addition, such a complex array of reactions makes it difficult to envision which step in the cascade of events should be addressed by novel therapies to interrupt the process or make it remit. B lymphocytes, T lymphocytes, and cytokines might be possible targets but, for the time being, it seems premature to anticipate the development of specific therapeutic agents in the near future (see Perspectives).
Incidence, Prevalence, and Natural Course
Graves' disease is the most common form of hyperthyroidism in iodine-replete areas [11] . In a prospective descriptive study from Sweden, the total incidence of Graves' disease was 21.4 cases/100,000/year, which is much higher than that of toxic multinodular goiter (4.3 cases/ 100,000/year) or toxic adenoma (1.8 cases/ 100,000/year) [12] . In a study from Olmsted County, Minnesota, USA, the age-adjusted incidence of GO of any degree was 16 cases/100,000/year in women and 2.9 cases/100,000/year in men [13] . The incidence of moderate-to-severe GO is much lower: in a Danish study the incidence rate was 16.1 cases/million/year (26.7 in women and 5.4 in men) [14] .
An admittedly approximate calculation of GO prevalence in the general population was between 0.1 and 0.3% [15] . Restricting the calculation to Graves' patients, in a recent large study of patients with newly diagnosed and recent onset Graves' disease seen at a single center, the majority (255/346, 73.7%) had no ocular involvement, 70 (20.2%) had mild and inactive GO, 5 (5.8%) had moderate-to-severe and active GO, and 1 (0.3%) had sightthreatening GO (dysthyroid optic neuropathy) [16] . Several years ago, a questionnaire-based survey among European specialists suggested a declining prevalence of GO, possibly related to a decrease in smoking habits [17] . As recently reviewed [18] , it is hard to ascertain whether the prevalence of GO has truly decreased with time, mainly because of poor definition and grading of GO in old studies. The recent study by Tanda et al. [16] , the first Because the onset of GO may not infrequently follow the onset of hyperthyroidism, it is of interest to ascertain what the natural course of GO is. Information on this issue is limited. In a prospective study of 59 patients seen at a tertiary referral center for GO, 38 (64%) improved, 13 (22%) had no significant variations, and 8 (14%) worsened [20] . In a Swiss study of 53 patients with untreated GO, 25 (47%) improved with time, 26 (49%) had stable involvement, and 2 (4%) progressed to more severe forms [21] . In our recent study [16] , progression to moderateto-severe GO occurred in 6 of 237 patients (2.5%) during an 18-month follow-up.
In summary, it seems that in the general population the incidence of GO is low and the incidence of moderateto-severe forms is extremely low, although it is difficult to judge whether it has been decreasing over time. Among patients with Graves' disease, the prevalence of GO of any degree is about 25%, but moderate-to-severe forms are rare in nontertiary referral centers. Progression to severe forms occurs rarely over time. These epidemiologic data have an inevitable impact on the management of GO because it is extremely difficult to enroll a sufficient number of patients with moderate-to-severe GO in trials evaluating the therapeutic effects of novel or old drugs.
Prevention
Several risk factors may influence the course of GO ( fig. 1 ) . Some of them, such as genetics, age, and gender, cannot be modified. Others are modifiable, implying that the course of GO can to some extent be affected by preventive measures [22] . Modifiable risk factors for the occurrence/progression of GO include smoking, thyroid dysfunction, radioiodine treatment for hyperthyroidism, and high TSHR antibody levels [22] .
Smoking increases the risk for Graves' patients to develop GO and severe forms of the disease [23, 24] . The prevalence of smokers is higher among Graves' patients with GO than among those without GO [25] . Smokers have a lower and delayed response to immunosuppressive therapies for GO [26, 27] . Smoking is associated with an increased risk of GO occurrence/progression after radioiodine treatment for GO [28, 29] . In a retrospective study, smoking cessation was associated with a decreased risk of developing exophthalmos and diplopia [30] . Passive smoking might also have detrimental effects on GO, at least in children [31] . The effect of smoking seems to be dose dependent [30] . The mechanisms underpinning these undue effects of smoking are not fully understood. They might include smoking-induced hypoxia and/or increased production of oxygen-free radicals in the orbital space [22] .
Both hyperthyroidism and hypothyroidism are risk factors for GO, possibly in relation with TSHR activation by TSHR antibody and TSH, respectively [22] . Restoration of euthyroidism with thionamides causes improvement of ocular conditions [32] . GO may occur during a period of uncontrolled hypothyroidism [33, 34] .
While thyroidectomy and antithyroid drugs are believed to not be GO-modifying treatments [35, 36] , radioiodine treatment can cause occurrence/progression of GO in about 15-20% of cases [28, 29, 37, 38] , although this phenomenon is permanent only in about 5% of cases [28] . This detrimental effect is in most cases prevented by concomitant short-term treatment with low doses of oral glucococorticoids (steroid prophylaxis) [28, 39, 40] . In view of the above considerations and in the absence of well-designed (and extremely difficult to perform) RCTs, selection of the optimal thyroid treatment (antithyroid drugs, radioiodine, thyroidectomy, thyroidectomy followed by radioiodine treatment) in patients with GO is still a matter of argument and more an expert opinion than an evidence-based choice [36] . It seems unlikely that the final word on this issue will be said in the years to come.
High levels of TSHR antibodies have been associated with an increased odds ratio of GO [41] . A correlation between GO activity and TSHR antibody levels was reported in a Dutch study [42] , while a German study concluded that TSHR antibody levels are an independent risk factor for GO helpful to identify patients who are prone to develop severe GO [43] . There is no way to directly decrease TSHR antibody levels, but antithyroid drug treatment and thyroidectomy are associated with a decline in TSHR antibody concentration, whereas radioiodine treatment is followed by an increase in TSHR concentration persisting for a long period of time [44] .
A recent RCT carried out by EUGOGO showed that selenium should be included among preventive tools. In fact, a 6-month course of selenium was associated not only with significant improvement of preexisting mild GO compared to placebo but also with a significant reduction in the risk of progression of GO even after the treatment was stopped [45] .
In summary, the course of GO can be partially affected by preventive measures [46, 47] . The latter, as summarized in the EUGOGO consensus statement [48] , include: (i) smoking withdrawal; (ii) prompt correction of thyroid dysfunction and stable maintenance of euthyroidism; (iii) steroid prophylaxis after radioiodine treatment, to be used in most patients, particularly if risk factors for radioiodine-associated progression of GO are present, and (iv) selenium treatment for 6 months in patients with mild GO. The optimal treatment for hyperthyroidism in patients with GO remains a matter of controversy.
Assessment
GO undergoes an initial phase of florid inflammation (active disease) followed by a phase of stabilization (plateau phase) and a final phase of remission (burned-out or inactive disease) [49] . Concomitantly with these three phases, clinical manifestations of the disease appear and progress, stabilize, and then remit. However, complete recovery of normal ocular appearance and/or function rarely occurs spontaneously, except in mild forms of GO. Two aspects of the disease are, therefore, essential to define: activity and severity. The former is important to decide whether medical or surgical treatment is appropriate in a given patient. Medical treatment, usually with highdose glucocorticoids, is effective only in active GO, while inactive GO should rather be treated with surgical procedures, as required [48] . Severity is also important to decide whether it is worth running the risks of high-dose glucocorticoids or it is preferable to limit the therapeutic intervention to local measures and preventive measures (see above).
Definition of the activity and severity of GO is one of the challenges in GO. After the initial NOSPECS classification used for years, and which still represents a useful mnemonic tool [50] , both EUGOGO [19, 48] and North Americans [51, 52] have proposed simple clinical tools for a standardized clinical assessment of patients with GO. It is beyond the scope of this paper to go into the details of GO assessment. Suffice it to say that it is essential that general practitioners take advantage of these documents to distinguish patients who need an urgent referral to specialized centers or thyroid/eye clinics from those who require a routine referral. A simple, though imperfect, tool to assess the activity of GO is the clinical activity score (CAS), based on 7 items basically reflecting inflammation (swelling of the eyelids, redness of the eyelids, redness of the conjunctiva, chemosis, inflammation of the caruncle and/or plica, spontaneous retrobulbar pain, pain on attempted upward or downward gaze) [53] . Giving 1 point to each item, if present, one gets a numerical score ranging from 0 (no activity) to 7 (maximal activity). A CAS ≥ 3/7 indicates active GO [48] . A high CAS is usually predictive of a good response to glucocorticoid treatment [53] . GO may be mild, moderate to severe, or sight threatening, based on the assessment of various parameters, including soft tissue changes, exophthalmos, extraocular muscle dysfunction and diplopia, corneal involvement, and optic nerve involvement (from subclinical to overt optic neuropathy) [48] . Patients should urgently be referred to specialized centers or thyroid-eye clinics when there is an unexplained decrease in visual acuity, a change in the intensity or quality of color vision, a history of globe subluxation, a corneal opacity, or papilledema [51] . Apart from urgent conditions, it is advised that patients with clinically relevant GO also be promptly referred, because the success of treatment is greater if GO is of recent onset [49] . The reader is referred to the EUGOGO website (www.eugogo.eu) to download relevant documents to score the activity and severity of GO, as well as its impact on the quality of life.
Management
The management of GO depends on its activity and severity [48] .
Mild GO
Patients with mild GO usually require anything but local measures (tear drops, ointments) and advice concerning prevention, e.g. refrain from smoking [48] . Careful monitoring of thyroid status is essential to maintain euthyroidism stably [48] . Occasional patients with mild and active GO may require intervention with high-dose glucocorticoids if their quality of life is severely impaired by the disease [48] ( table 2 ) .
Established Treatments for Moderate-to-Severe GO and Sight-Threatening GO
Patients with moderate-to-severe and active GO should be treated with high-dose glucocorticoids as firstline therapy ( table 2 ). They exert both anti-inflammatory and immunosuppressive actions [54] . The two main routes for glucocorticoid therapy in use are oral and intravenous. Local (peribulbar, retrobulbar, subconjunctival) injections may be considered under circumstances of absolute contraindications to systemic glucocorticoids [54] . Oral glucocorticoids are given for 5-6 months using a starting dose of 80-100 mg prednisone (or equivalent doses of other steroids) and gradually tapering down the dose until withdrawal [55] . Two RCTs have demonstrated that oral glucocorticoids are less effective than intravenous glucocorticoids [56, 57] . This was confirmed by a meta-analysis [58] and a systematic review [59] of published studies. For these reasons, the intravenous route should be preferred [48] ( table 2 ) . A recent questionnaire-based survey among members of the European Thyroid Association showed wide variations in the modality of intravenous glucocorticoid treatment regarding the cumulative dose, the starting dose, the number of infusions, the interpulse period, and the duration of treatment [60] . Intravenous glucocorticoids usually have fewer adverse effects than do oral glucocorticoids [56] [57] [58] [59] , but severe side effects have been described, including hepatotoxicity and cardiovascular and cerebrovascular events [60, 61] . The risk seems higher using a single dose >0.5 g [62] and a cumulative dose >8.5 g methylprednisolone [63] . Recently EUGOGO published the results of a large, multicenter RCT evaluating the efficacy and safety of 3 different cumulative doses of intravenous methylprednisolone (2.25 g, low dose; 4.98 g, middle dose, and 7.47 g, high dose) given in 12 weekly infusions over a 3-month period [64] . Eight European groups were involved, and it took 5 years to enroll 159 patients into the study. This observation underscores how difficult it is to perform RCTs with adequate statistical power in the field of GO. The EUGOGO study confirmed that intravenous glucocorticoids are an effective treatment. The CAS decreased by at least 2 points in 81% of the high-dose group and in 83% of the middle-dose group, but significantly less (58%) in the low-dose group [64] ( table 3 ) . At the end of the treatment, GO was inactive in 60% of high-dose patients, 65% of middle-dose patients, and 45% of lowdose patients [64] ( table 3 ) . Quality of life improved in all three groups, but to a greater-extent in the high-dose group [64] ( table 3 ) . The use of high doses of methylprednisolone was significantly more beneficial for ocular mo- tility [64] . However, high doses were also associated with a higher adverse event rate [64] . It should be noted that the proportion of responders, as assessed by the overall ophthalmic improvement, was lower than in the two previous RCTs [56, 57] ( fig. 2 ) , possibly due to the inclusion of patients with GO of longer duration and lower severity [64] . In addition, in all three groups some patients had relapse or progression of GO, including the occurrence of dysthyroid optic neuropathy [64] ( table 3 ) . Thus, some observations can be made based on this study: (i) intravenous glucocorticoids are an effective treatment, reducing inflammation and improving ocular motility and quality of life, but they are also an imperfect treatment because a relevant proportion of patients do not respond satisfactorily; (ii) selection of patients, based on a well-standardized and rigorous assessment of ocular conditions, is essential to improve the success rate; (iii) strategies to decrease the risk of recurrence or progression of GO at the end of the treatment must be explored; these may include the use of low-dose glucocorticoids in the interpulse period and for a few weeks after intravenous treatment completion, early association of glucocorticoids with other established treatments (e.g. orbital radiotherapy or cyclosporine) or, in the future, novel treatments currently under investigation (rituximab and mycophenolate), and (iv) high doses of methylprednisolone are more effective but also more toxic than lower doses; thus, a cumulative dose of around 5 g should probably be used under most circumstances, reserving higher doses for particularly severe GO.
Patients with sight-threatening GO due to dysthyroid optic neuropathy should be treated with high doses of intravenous glucocorticoids as first-line treatment [48] . Various treatment schedules have been used, and there is no proof of the superiority of a given schedule. A commonly used regimen consists of the administration of 1 g of intravenous methylprednisolone for 3 consecutive days, to be repeated on the subsequent week [48] . If, however, there is an absent or poor response, the patient should be submitted within 2 weeks to orbital decompression [48] . Derived from Bartalena et al. [64] . DON = Dysthyroid optic neuropathy; MP = methylprednisolone. Percent of favorable responses to intravenous glucocorticoids in 3 RCTs. In the study by Marcocci et al. [56] patients were concomitantly treated with orbital radiotherapy; in the study by Kahaly et al. [57] patients were treated with intravenous glucocorticoids as monotherapy. In the study by Bartalena et al. [64] patients were randomized to 3 different cumulative doses, shown here are responses in the group receiving the highest cumulative dose (7.47 g). Patients with dysthyroid optic neuropathy were excluded in the study by Bartalena et al. [64] , while they were included in the other two studies. Orbital radiotherapy is another established treatment for GO [65] . It is used for its nonspecific anti-inflammatory effects and because of the radiosensitivity of lymphocytes infiltrating the orbital space [66] . Two RCTs showed its efficacy compared to sham irradiation [67, 68] , while a third RCT (with limitations in the study design) failed to demonstrate any benefit of orbital radiotherapy versus sham irradiation [69] . Orbital radiotherapy in the two studies with positive results was effective particularly on ocular motility and soft tissue changes, with little effect on exophthalmos [67, 68] . In addition, orbital radiotherapy did not prevent the possible progression of mild GO to more severe forms of orbital disease [68] . In two RCTs, combination of orbital radiotherapy and oral glucocorticoids was more effective than either treatment alone [70, 71] . Whether combination of intravenous glucocorticoids and orbital radiotherapy is associated with a higher response rate compared to intravenous glucocorticoids alone is uncertain [64] and might be worth exploring. Doubts regarding the true efficacy of orbital radiotherapy were raised by a report of the American Academy of Ophthalmology [72] and another recent review [73] . Orbital radiotherapy is certainly not as effective as glucocorticoids. However, in view of its safety and demonstrated effectiveness in some manifestations of the orbitopathy (particularly ocular motility), in my opinion it should still be, for the time being, considered a useful (second-line) treatment to be administered preferably in combination with glucocorticoids. Orbital radiotherapy is contraindicated in patients with concomitant diabetic retinopathy or severe hypertension and should be avoided in patients younger than 35 years of age [48] .
Management of GO
A major question is what to do, in terms of nonsurgical treatments, if moderate-to-severe and active GO responds poorly to or relapses after a first course of glucocorticoids (preferably given intravenously) [74] . Evidence is limited, as usual in the field of GO. One possible option, commonly used by me, is a second course of high-dose glucocorticoids associated with orbital radiotherapy; this often leads to inactivation of GO [74] . A second possibility, supported by a Dutch RCT [75] , is use of a combination of oral glucocorticoids and cyclosporine. Novel agents, such as rituximab or mycophenolate or other biologicals, might represent a new way of approaching moderate-to-severe GO, even as first-line treatment. However, as mentioned in the following paragraph, for the time being, evidence is missing regarding their effectiveness and safety [74] . Other drugs, such as the somatostatin analogs octreotide and lanreotide, initially surrounded by great hopes based on the results of small and uncontrolled studies, have been demonstrated to have marginal beneficial effects (if any) in well-designed RCTs [76] [77] [78] [79] .
Once GO has been inactivated by medical treatment, many patients require rehabilitative surgery for residual ocular manifestations, particularly if these have a negative impact on the quality of life. Surgical procedures may be multiple in some patients, including orbital decompression for exophthalmos (usually poorly responsive to medical treatment), squint surgery for extraocular muscle dysfunction and related diplopia, and eyelid surgery for persisting palpebral malposition. Surgery should be avoided when GO is active (with the exception of urgent orbital decompression in unresponsive dysthyroid optic neuropathy or corneal breakdown); if multiple surgical procedures are needed, orbital decompression should come first, followed by squint surgery and, lastly, by eyelid surgery [80] . A period of 6 months should elapse between one procedure and the following one [80] .
Perspectives
From the above discussion it is evident that the current treatments for GO are imperfect and are associated with a high rate of incomplete response. This is mostly related to the fact that the available treatments do not really target pathogenetic mechanisms of GO. Ideally the same drug should intervene in both hyperthyroidism and GO in view of the close link between the two conditions [81] . Given of the important role of TSHR autoantibodies in causing hyperthyroidism due to Graves' disease and, probably, contributing to the pathogenesis of GO, future treatment might be represented by TSHRblocking antibodies or by small-ligand molecules that might act as allosteric modulators or inhibitors of TSHR signaling [82] [83] [84] . In view of the role that IGF-1R also seems to play in the pathogenesis of GO, drugs targeting the IGF-1R might be envisioned as an alternative or complementary targeted therapy for GO. Platelet-derived growth factors (PDGFs) show an increased expression in GO orbital tissues, stimulate proliferation and glycosaminoglycan and cytokine production by orbital fibroblasts [85] , and enhance orbital fibroblast response to TSHR autoantibodies [86] . In principle, tyrosine kinase inhibitors, such as imatinib mesylate or AMN107, shown to inhibit PDGF signaling in orbital fibroblasts [87] , might prove to be effective in GO. Clathrin is a protein involved in the formation of coated vesicles, through which nutrients, hormones, and liganded receptors are internalized and transported to intracellular organelles [88] . Clathrin might represent a target of novel therapies, since silencing clathrin expression in GO-derived orbital fibrolbasts was associated with decreased proliferation of fibroblasts and related production of glycosaminoglycans and intracellular reactive oxygen species [89] . No data on all of the above agents are presently available apart from in vitro studies [81] . Inhibition of cytokine secretion and action might also be used to treat GO [90] . In a small, open, nonrandomized study, a tumor necrosis factor-α inhibitor, i.e. etanercept, showed more beneficial effects than did placebo [91] . Successful treatment of a single patient with anti-interleukin-6 receptor monoclonal antibody (tocilizumab) was recently reported [92] . A novel somatostatin analog, i.e. pasireotide, which has a wider binding capacity than octreotide or lanreotide for the various somatostatin receptor subtypes, has been shown in vitro to have a greater inhibitory effect on adipogenesis than octreotide [93] . Whether this may translate into a revival of somatostatin analogs as possible therapeutic tools for GO is presently unknown in the absence of clinical trials.
Among potential novel drugs for GO, rituximab has received particular attention in the last few years. Rituximab is a monoclonal antibody targeting the CD20 transmembrane antigen expressed on the surface of pre-B and mature B lymphocytes, but not on stem cells or plasma cells [94] . Its main effect is to deplete CD20-positive B cells. Initially approved for the treatment of non-Hodgkin B-cell lymphoma, it has been used for several autoimmune disorders, including rheumatoid arthritis [95] . In the case of GO, this action would translate in a reduced activity of B cells both as antigen-presenting cells and as autoantibody (against TSHR and/or IGF-1R) producers. An intervention review on the use of rituximab for GO was recently published in the Cochrane Database of Systematic Reviews [96] . Few studies have been published so far, and they have been small and uncontrolled, usually reporting the effect of rituximab in patients with GO resistant to or relapsing after glucocorticoid treatment [97] [98] [99] [100] [101] . These reports suggested that rituximab may be an effective agent for the management of moderate-to-severe and active GO. The effects of rituximab on circulating TSHR autoantibody levels (decrease vs. no change) were conflicting. A patient described in a case report showed progression of glucocorticoid-resistant GO after rituximab injections [102] . In addition, two studies suggested a possible beneficial effect of rituximab in Graves' hyperthyroidism [98, 103] . All of these results must be interpreted with caution in view of the experimental design of the studies. It should, however, be mentioned that 3 RCTs are presently ongoing: one from Italy comparing rituximab with intravenous glucocorticoids, one from the USA comparing rituximab with placebo, and a third one from Sweden comparing rituximab + methotrexate with oral glucocorticoids + methotrexate. It is hoped that results of these studies will provide information and suggestions on whether rituximab can truly represent a novel and effective treatment for GO.
Concluding Remarks (and My Opinion)
GO is a rare disease, particularly in its severe expressions. It remains a therapeutic challenge and a disease with frequent unsatisfactory results, using the currently available treatments. This is partly due to the difficulty to carry out adequately powered RCTs, to the lack of complete understanding of its pathogenesis, and, therefore, to the impossibility of employing targeted therapies. This disease can be devastating in its severe forms, but it profoundly impairs the quality of life also in its milder forms due to its cosmetic and functional consequences [103] . The physician is also frustrated to admit that currently available medical treatments are not as effective as one would wish. To be provocative, I might say that GO is (in many instances) a surgical disease, and the only role of medical treatment is to abate inflammation and inactivate the disease, making it possible to send the patient to the surgeon(s) earlier. In a way, this situation is not different for Graves' hyperthyroidism: medical (pharmacological) treatment is often ineffective and associated with relapses, so that removal of the thyroid by either radioiodine or thyroidectomy is needed. In both instances, hyperthyroidism and orbitopathy, we do not intervene in the pathogenesis. It is hoped that my frustration and pessimism be will relieved in the next few years, before my retirement.
